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The carbonyl group plays a predominant role in organic synthesis due to its electrophilic nature. One of the major common problems during many multi-step syntheses in organic, medicinal, carbohydrate and drug design chemistry is how to protect the carbonyl group from nucleophilic attack until its electrophilic properties could be utilized. Therefore, the protection and deprotcetion of carbonyl groups remain an area of interest in synthetic organic chemistry. Among the carbonyl protecting groups, 1,3-oxathiolanes are important class of compounds that are more stable than corresponding O,O-acetals under acidic conditions and compared with S,S-acetals are more easily deprotected. 1 In addition, 1,3-oxathiolanes can be utilized as acylation equivalents in C-C bond formation. 2 Moreover, the chiral 1,3-oxathiolanes are valuable synthons for enantioselective synthesis of α-hydroxyaldehydees.
3 Different types of reagents have been used for the promotion of oxathioacetalization of carbonyl compounds with 2-maercaptoethanol which of them HCl, 4 HClO4, 5 p-TsOH, 6 TMSOTf, are examples. Although some of these methods afford good to high yields of the corresponding 1,3-oxathiolanes, the majority suffer from one or more of the following disadvantages: low yields, long reaction times, harsh reaction conditions, use of expensive, not readily available or moisture sensitive reagents, tedious work-up, poor chemoselectivity and the use of stoichiometric amounts of the catalyst. Therefore, introduction of new methods and catalysts for the preparation of 1,3-oxathiolnes is still in demand.
Recently we have reported the preparation of vanadium hydrogen sulfate, and its application in the chemoselective trimethylsilylation and acetylation of alcohols. 25, 26 In continuation of these studies, herein, we report the applicability of this reagent in the promotion of the oxathioacetalyzation of aldehydes with 2-mercaptoethanol. All reactions were performed in n-hexane at reflux temperature under completely heterogeneous reaction conditions in relatively short reaction times in excellent yields (Table 1, Scheme 1).
As shown in Table 1 , different types of aromatic aldehydes, including different substituents such as Cl, Br, Me and NO2 are converted to their corresponding 1,3-oxathiolanes in good to high yields ( In order to show the efficiency of this method, Table 2 compares the results obtained from the oxathioacetalization of benzaldehyde by our method with some of those reported in the literature. Our investigations clarified that the deprotection of 1,3-oxathiolanes can also be easily catalyzed in the presence of a mixture of V(HSO 4 ) 3 and wet SiO 2 (Table 1, Scheme 1). The reaction is efficient and the corresponding aldehydes are separated in high yields.
In conclusion, in this study, we have developed a mild, efficient and chemoselective method for oxathioacetalization of aldehydes, in the presence of ketones, and their deprotection. The significant advantages of this methodology are mild and heterogeneous reaction conditions, relatively short reaction times, high yields of the products, selectivity and easy work-up. We are exploring further applications of V(HSO4)3 for the other types of functional group transformations in our laboratory.
Experimental
Oxathioacetalyzation of 4-chlorobenzaldehyde as a typical procedure. A mixture of 4-chlorobenzaldehyde (1 mmol), 2-mercaptoethanol (1.2 mmol) and V(HSO4)3 (0.03 mmol) in n-hexane (3 mL) was stirred at reflux temperature. The progress of the reaction was monitored by TLC. After completion of the reaction, the mixture was filtered and the filtrate was washed with n-hexane (5 mL). The organic layer was washed with a saturated solution of NaHCO3 (2 × 5 mL) and water (10 mL) and dried over MgSO4. Eevaporation of the solvent followed by column chromatography on silica gel gave A mixture of the substrate (1 mmol), V(HSO4)3 (0.5 mmol) and wet SiO2 [(SiO2 / H2O: 50% w/w), 0.1 g] in n-hexane (3 mL) was stirred and heated at reflux. The progress of the reaction was monitored by TLC. After completion of the reaction, the mixture was filtered and the solid residue was washed with n-hexane (5 mL). The organic layer was washed with saturated NaHCO3 (2 × 5 mL) and water (10 mL) and dried over MgSO4. Evaporation of the solvent followed by column chromatography on silica gel afforded 4-chlorobenzaldehyde in 95% yield.
